The 10 th International Workshop on the CKM Unitary Triangle took place at the University of Heidelberg on September 17 th -21 st , 2018. In this write-up, we summarize the material discussed at the workshop by the Working Group 7, which focused on latest experimental results and theoretical developments in the study of mixing and CP violation in the neutral D system, and of CP violation and decay properties of other charm mesons and baryons.
Introduction
The study of D 0 -D 0 mixing offers an unique opportunity to probe flavour changing neutral currents between up-type quarks, which could be affected by physics beyond the standard model (SM) in very different ways compared to the down-type quarks featuring the neutral strange and bottom mesons systems. Violation of the CP symmetry in mixing-induced processes is predicted to be very small in the SM, giving good prospects for the indirect observation of non-SM contributions. Effects of CP violation in decays of charm mesons and baryons are difficult to predict; nonetheless, the current level of the most precise measurements, around 10 −3 , is getting closer to that needed for the observation of the tiny CP asymmetries generally expected in the SM. In these proceedings, we summarize the most recent efforts in this endeavour which were discussed by the Working Group 7 at the last International Workshop on the CKM Unitary Triangle, held at the University of Heidelberg on September 17 th -21 st , 2018. We divide the discussion into the following parts. Mixing and indirect CP violation studies are reported in Sect. 2; direct CP violation is discussed in Sect. 3 . A brief report on CP -violating triple product asymmetries is presented in Sect. 4, while Sect. 5 reports results on charmed baryons, a topic which became very interesting recently. We present some experimental prospects in Sect. 6 , and give a conclusion in Sect. 7. Charge-conjugation is implied in what follows, and when more than one uncertainty is assigned to a result, the first refers to the statistical uncertainty, the second to the systematic. These conventions are applied through the entire document, unless stated otherwise.
Mixing and indirect CP violation
The physical states of the time-dependent Hamiltonian describing the neutral D system are superpositions of the flavor eigenstates, |D 1,2 = p|D 0 ± q|D 0 , and this generates flavor mixing. The parameters p and q are complex numbers which satisfy the relation |p| 2 +|q| 2 = 1. If charge-parity (CP ) symmetry holds, q is equal to p and two dimensionless parameters, x ≡ (m 1 − m 2 )/Γ and y ≡ (Γ 1 − Γ 2 )/2Γ, fully describe the oscillations. Here, m 1 (2) and Γ 1 (2) are the mass and decay width of the CP -even (odd) eigenstate D 1 (2) , respectively, and Γ ≡ (Γ 1 + Γ 2 )/2 is the average decay width. Violation of the CP symmetry in mixing leads to a non-unity value of the ratio |q/p|. When both D 0 and D 0 mesons can decay to a common final state with amplitudes A and A, respectively, CP violation can appear in the interference between mixing and decay amplitudes, and the quantity φ ≡ arg[qA/pA] differs from zero. Violation of the CP symmetry in mixing and in the interference between mixing and decay amplitudes are referred to as manifestations of indirect CP violation. When CP violation happens in the decay, |A/A| = 1, this is referred to as direct CP violation. The importance of studying D 0 -D 0 mixing is based on its nature of a flavor-changing neutral-current process, which is potentially sensitive to physics beyond the SM. The indirect search for new physics in flavor oscillations needs, however, precise predictions of the SM expectations to be compared with the measurements. Such predictions are very difficult to obtain in the charm sector. Theoretical methods like the quark-hadron duality and the heavy quark expansion work well in b-hadron physics, where the short-distance dynamics is dominant in the expansion of the energy release, 1/E released ∼ 1/m b , being m b the b quark mass. These methods can be applied for predicting b hadron lifetimes and B 0 (s) -B 0 (s) mixing parameters. However, the charm quark mass (m c ) is not large enough compared to the energy release in charm decays, and long-distance dynamics are not negligible. Taking the KKK intermediate state as an example,
Thus, quark-hadron quality must be handled carefully in the case of charm hadrons [1] .
Except for the inclusive approach using the 1/m c expansion just as in B physics [2] , the exclusive approach saturates the D 0 -D 0 mixing correlators by hadronic states [3] [4] [5] [6] . This is intriguing and intuitively plausible since the exclusive approach predicted that the values of x and y could reach the order of 1%, which is indeed experimentally observed [3, 4] . Flavor SU (3)-symmetry breaking plays a key role in the understanding of D 0 -D 0 mixing, which would vanish in the limit of perfect SU (3) symmetry, since V * cd V ud ≈ −V * cs V us . The advantage of the exclusive approach is that the experimental uncertainties of hadronic branching fractions have been significantly improved nowadays. The current most precise prediction on the width difference is y PP+PV = (0.21 ± 0.07)% [6] , considering the two-body contributions from the two pseudoscalar modes (PP) and the pseudoscalar-vector modes (PV), using the Factorization-Assisted Topological amplitude approach, which includes the dominant SU (3)-breaking effects in the PP and PV modes [7, 8] 
The soft pion or the lepton is then referred to as the tagging particle. The decays dominated by a Cabibbo-favored amplitude,
The ratio of WS-to-RS rates as a function of the neutral D-meson decay time t can be approximated as
because of the small value of the mixing parameters. Here, τ is the average D 0 lifetime and R D is the ratio of suppressed-to-favored decay rates. The parameters x and y depend on the mixing parameters, x ≡ x cos δ + y sin δ and y ≡ y cos δ − x sin δ, through the strong-phase difference δ between the suppressed and favored amplitudes. This phase was measured at the CLEO and BESIII experiments [10, 11] .
A measurement of mixing and CP violation parameters is reported by the LHCb collaboration using approximately 1.77 × 10 8 RS and 7.22 × 10 5 WS pion-tagged signal decays, reconstructed in a data sample corresponding to an integrated luminosity of 5.0 fb −1 from proton-proton (pp) collisions at 7, 8, and 13 TeV center-of-mass energies [12] . Assuming CP conservation, the mixing parameters are measured to be x 2 = (3.9 ± 2.3 ± A sensitive probe of indirect CP violation is given by the study of D 0 mesons decays into CP eigenstates h + h − (h = K, π). Being the time-integrated CP asymmetries and the mixing parameters known to be small, the decay-time-dependent CP asymmetry of these decays can be approximated as
where
is the asymmetry related to direct CP violation and A Γ is the asymmetry between the D 0 and D 0 effective decay widths,
Here, we have defined the effective decay widthΓ D 0 →h + h − as the inverse of the effective lifetime 
is equal to y if CP symmetry is conserved. Neglecting the O(10 −3 ) difference between the phases of the
− decay amplitudes, A Γ and y CP are independent of the h + h − final state, and φ ≈ arg(q/p). In the limit of small CP violation in mixing (|q/p| ≈ 1), A Γ can be approximated as −x sin φ and its measurement translates into a constraint of the mixing phase φ, if the value of x is determined elsewhere. For y CP instead, y CP ≈ y cos φ.
In a data sample corresponding to an integrated luminosity of 3 fb −1 , LHCb selects about 9.6 and 3.0 million of pion-tagged [14] . The results are consistent and show no evidence of CP violation; they are combined to yield a single value of A Γ = (−0.13±0.28±0.10)×10 −3 . Combination with a smaller, independent muon-tagged sample [15] , gives A Γ = (−0.29 ± 0.28) × 10 −3 . The measurements of A Γ reported by LHCb are the most precise to date. They are consistent with results from Belle obtained from the analysis of the full data set collected by the experiment, corresponding to an integrated luminosity of 976 fb −1 , in which A Γ and y CP are measured simultaneously with τ , using 242 × 10 [16] . The values found by Belle are y CP = (1.11 ± 0.22 ± 0.09)%,
and τ = (408.46 ± 0.54) fs.
The precision on y CP is greatly improved by a brand new results presented by LHCb at the workshop for the first time [17] . In a data sample corresponding to an integrated luminosity of 3 fb −1 , 880 × 10 
LHCb [ 
is the most precise to date from a single experiment. The two measurements are combined and yield y CP = (0.57 ± 0.13 ± 0.09)%, which is as precise as the current world average value, (0.84 ± 0.16)% [13] . The result is also consistent with the known value of the mixing parameter y = (0.67
−0.13 )% [13] , showing no evidence for CP violation in mixing. A measurement of y CP in correlated D 0D0 is reported also by the BESIII experiment [18] , through a comparison of the combined branching fractions of several CP -even (
final states, although the sensitivity is low, around 1.5%. BESIII is also updating the study by including K Model-dependent analyses measure effective lifetime of individual resonances, and the choice of the model to describe the Dalitz plot represents irreducible systematic uncertainties. This method has been used at B factories [20, 21] . Model-independent measurements study the decay-time evolution of D 0 mesons in bins of the Dalitz plot, according to similar strong phase differences between the interfering amplitudes. This type of analysis is used by the LHCb experiment [22] . The major limitation comes from the external input required on the values of the strong phase differences of the interfering resonances. These are measured at the CLEO-c and BESIII experiments, exploiting the production of correlated pairs of charm mesons at threshold. A preliminary (since 2014) result from BESIII [23] provides an improvement of about 40% on the uncertainty of the measurement by CLEO-c [24] , currently the one exploited in the LHCb analysis; however, the BESIII analysis is still in progress, and no update (especially on the missing systematic uncertainties) has been presented at the workshop. Such a measurement would also be important input in the measurement of the CKM angle γ using the so-called GGSZ method [25] . The results on the mixing parameters x and y obtained with
decays from different experiments are reported in Table 1 . Updates from LHCb are expected soon. These results can be compared with those obtained by BaBar from a model-dependent analysis of 138 × 10
a sample corresponding to an integrated luminosity of 468 fb −1 , x = (1.5 ± 1.2 ± 0.6)% and y = (0.2 ± 0.9 ± 0.5)% [26] . At LHCb, mixing is also observed in a decay-timedependent analysis of the WS-to-RS ratio of [27] , obtaining x = (0.41 ± 0.17)% and y = (0.67 ± 0.80)%. This analysis is sensitive to the phasespace averaged ratio of doubly Cabibbo-suppressed to Cabibbo-favoured amplitudes r 
Direct CP violation
Direct CP violation in charm decays is difficult to be predicted precisely in the SM due to the relatively large non-perturbative effects. It is nonetheless expected to be small due to the GIM mechanism with m d,s,b m W . Thus, CP violation in charm decays is of good use as a null test of the SM, as measurements of large CP asymmetries (generally larger than O(1%)) would be indication of new physics. In addition, contrary to the case of the K and B systems, the charm system is unique for studying CP violation in the up sector of quarks. This is helpful to distinguish new physics models with different quark structures. The recent flavor anomalies [29] [30] [31] indicate a possible large non-SM CP phase, which may increase CP violation in charm decays [32] . For example, the R(D ( * ) ) anomaly points to a non-SM structure of the cb quarks coupling. Concerning CP violation, the cb coupling has no complex phase in the SM, whereas it might present one in a new physics scenario. This might manifest in measurements of direct CP violation in charm decays, no matter what the charm-penguin amplitude considered.
The decay-time-dependent CP asymmetry, A CP (t), for D 0 mesons decaying to a CP eigenstate h + h − is given by Eq. 2. In a sample of reconstructed D 0 → h + h − decays, the decay-time-integrated asymmetry, A CP , depends upon the reconstruction efficiency as a function of the decay time, and can be written as A CP ≈ a
where t denotes the mean of the reconstructed decay-time distribution of the
What is experimentally accessible is the raw asymmetry of the number of candidate, N , counted as decay of a D 0 or a D 0 mesons,
The raw asymmetry can be written, up to O(10 −6 ), as A raw ≈ A CP + A f + A tag + A prod , where A f and A tag are the asymmetries in the reconstruction efficiency of the D 0 final states and of the tagging particle, and A prod is the production asymmetry for either D * + or B mesons (relevant only at hadron colliders). For self-conjugate final states, A f = 0. To a good approximation, A tag and A prod are independent of the final state in any given kinematic region. Thus, the difference of raw asymmetry between
where t is the arithmetic mean of t K + K − and t π + π − . This equation holds up to terms of O(10 −6 ). In the limit of exact U-spin symmetry, ∆a dir ≡ a
is expected to be equal in magnitude and opposite in sign for K + K − and π + π − final states [33] , although U-spin breaking effects could be also present [34] .
To take into account an imperfect cancellation of detection and production asymmetries due to the difference in the kinematic properties of the two decay modes, a weighting procedure in bins of kinematic distributions is usually employed to equalize the kinematic of K + K − and π + π − final state. With this method, LHCb obtains the most precise measurement of ∆A CP to date, ∆A CP = (−0.10±0.08±0.03)% [35, 36] , from a combination of the results from the pion-and muon-tagged samples. This measurement exploits only 1/3 of the currently available data: the analysis of the full data set is ongoing, and the statistical precision is expected to reach an unprecedented value, around 0.03%.
The direct CP asymmetry in the
S decay is also interesting to test the SM prediction of A CP ≤ 1.1%, or to signal new physics if data exceeds it [37] . Both B-factories and LHCb presented a measurements of CP asymmetry in this decay. At LHCb, the analysis exploits again the combination of the raw asymmetries measured in different decays to cancel spurious asymmetries. The D 0 → K + K − decay is used as the calibration channel to cancel the production and tagging asymmetry, owing on the precise measurement of A
. The result presented at the workshop exploits the data collected by LHCb in 2015 and 2016, corresponding to an integrated luminosity of 2 fb −1 , and 39] . Combining this with a previous result from an independent sample [40] , LHCb obtains A . Thanks to the large data samples accumulated, the study of CP violation of rare charm decays is also possible. A first measurement of CP asymmetries in the rare
is presented by the LHCb collaboration [42] , reconstructing about 1000
− decays in a data set corresponding to an integrated luminosity of 5 fb −1 . In these decays, CP asymmetry is expected to be below 5 × 10 −3 in the standard model, but enhanced up to about 1% if new physics is present. Forward-backward and angular asymmetries are also measured, but they were discussed at the workshop in more details by the WG3 [43] . Here, we focus on the CP asymmetry, which is measured in a similar fashion as A
CP
, i.e. by using the D 0 → K + K − decays as a calibration channel to cancel the production and tagging asymmetry, and measuring A
. Using the precise known value of A
= (0 ± 11 ± 2)% and A π + π − µ + µ − CP = (4.9 ± 3.8 ± 0.7)%, both in agreement with CP conservation in these decays.
Considering decays of the D + meson, the BESIII collaboration presents measurement of CP asymmetries in singly Cabibbo-suppressed decays
. These do not indicate CP violation. Note that . At Belle II, the precision is expected to improve to reach uncertainties of about 0.18% (statistical) and 0.20% (systematic).
Results on radiative charm decays D 0 → V γ, where V is a vector meson, are also reported. Measurements of branching fractions of these decays are useful test for QCDbased models, since their amplitudes are dominated by non-perturbative long range dynamics. These decays are also sensitive to new physics searches via measurement of CP asymmetries: it has been suggested that those asymmetries can rise to several percent in contrast to O(10 −3 ) SM expectation in several non-SM scenarios [48] [49] [50] . The Belle collaboration performed first measurements of CP violation in D 0 → V γ decays using 943 fb −1 of data [51] , obtaining the results reported in Tab. 2. They are consistent with zero CP asymmetry in any of the D 0 → V γ decay mode. Study of photon polarization in these decays is also a sensitive probe to non-SM physics. In the inclusive decay of c → uγ, the photon polarization is proportional to r = C 7 /C 7 , which is almost a null test of the SM. In the exclusive processes, the photon polarization suffers the pollution of long-distance contributions, r SM = O(Λ QCD /m c ) [52] .
It is proposed to use data and U -spin symmetry to relate D 0 → ρ 0 γ and D 0 → K * 0 γ decays [53] . For decays of the type D → A(→ P 1 P 2 P 3 )γ, where A is an axial-vector meson, the photon polarization can be determined by the up-down asymmetry [55] . The charm decays have an advantage compared to B decays: the phase spaces are suppressed for higher resonances [53] . The angular asymmetry in charm baryon decays, such as Λ + c → pγ, is also sensitive to the chirality-flipped contributions [54] . Since CP asymmetries are proportional to the ratio of penguin and tree amplitudes, A CP ∝ |P/T |, to seek out a process with enhanced CP violation, it is suggested to look at decays where the penguin amplitude is enhanced and the tree amplitude is suppressed as much as possible [32] . The strategy is, i) to avoid W + → ud or us making charged vector states, such as ρ ± or K * ± , and ii) to go for color suppressed or Zweig suppressed final states from tree amplitudes. A Cabibbo-suppressed decay is automatically forced by the tree-penguin interference. Possible decay modes are listed in Ref. [56] .
All of the above mentioned CP asymmetries arise from the interference between tree and penguin amplitudes. A basic shortcoming is the unknown penguin dynamics. We thus lose the power of prediction on CP violation in charm induced by the tree-penguin interference. On the contrary, the tree amplitudes are better known with non-perturbative hadronic matrix elements extracted from measurements of branching fractions [7, 8, 57, 58] .
It deserves to study the tree-tree interference-induced CP violation, i.e. the interference between Cabibbo-favored (CF) and doubly Cabibbo-suppressed (DCS) amplitudes, e.g. [59] . In literature, it was always postulated that, subtracting the CP violation in kaon mixing, data would reveal a direct CP asymmetry in such charm decays. However, this is not correct when considering the neutral kaon reconstructed by two charged pions [59] . To consider with the well known CP violation in kaon mixing and direct CP asymmetry, a new CP -violating effect is found for the first time, arising from the interference between the mother decay and the daughter mixing. This is more complicated than the ordinary mixing-induced CP asymmetry in which both decay and mixing occur in the mother particle, for example the B 0 → π + π − decay. The key point is that we have to consider all the amplitudes of the decay chain, say, the CF and DCS amplitudes of the charm decaying into neutral kaons, and the neutral kaons reconstructed by two charged pions. In the previous studies, either the DCS amplitude was neglected [60] , or the decay chain of neutral kaons decaying into two charged pions was not considered [61, 62] . Therefore, the total CP asymmetries in the charm decays into neutral kaons is actually
where the first two terms are the well known CP asymmetries in kaon mixing and the direct CP violation in charm decays, respectively, and the third term is the new CP -violating effects induced by the interference between charm decays and kaon mixing. Using the factorization-assisted topological-amplitude (FAT) approach [7, 63] , it is found that the new CP -violating effect can be as large as the order of 10 −3 , thus is accessible at the LHCb and Belle II experiments in the near future. It is proposed to measure the new CP -violating effect via
where the dominated CP violation from kaon mixing is cancelled, and the direct CP asymmetry in charm decays is negligible. Finally, the new CP -violating effect has to be considered in the studies of new physics using the direct CP asymmetry of charm.
CP -violating triple product asymmetries
Time-reversal asymmetry is sensitive to CP violation via the CP T theorem (T violation implies CP violation under the assumption of CP T invariance.). Measurements of T -odd asymmetries are a clean way to search for CP violation in the charm sector. Analysis of four-body charm decays allow to probe CP violation in different phase space regions, where sensitivity can be enhanced due to several interfering amplitudes with different relative strong phases. In four body D decays, D → abcd, one can use triple products of final-state particles momenta (in the D frame),
where Γ D (Γ D ) is the decay width of D (D) decays to abcd (abcd) in the C T (C T ) range. However A T (A T ) can be non-zero due to final state interaction (FSI) even without CP a cos φ 3.4 ± 3.6 ± 0.6 a sin φ 5.2 ± 3.7 ± 0.7 a sin 2φ 3.9 ± 3.6 ± 0.7 a cos θ 1 cos θ 2 cos φ −0.2 ± 3.6 ± 0.7 a cos θ 1 cos θ 2 sin φ 0.2 ± 3.7 ± 0.7
violation. In order to cancel FSI, one can create genuine CP -violating asymmetry (insensitive also to D production asymmetry and charged-particle reconstruction asymmetries) as a
A triple product is even (odd) under C (P , T , and CP ). One can construct a number of asymmetries that can be computed by integrating over positive and negative values of the triple product [64] . First measurement of a
was done by FOCUS [65] . The precision of these measurements was then improved by BaBar, and the study of the decay D [67] . Asymmetries consistent with zero were measured. The LHCb collaboration also measured a
, obtaining the precise result (0.18 ± 0.29 ± 0.04)%, consistent with zero [68] . For the first time, LHCb also presented a 
, measuring a set of five kinematically independent CP asymmetries, of which four asymmetries are measured for the first time [70] . They are reported in Tab. 3, where in the notation θ 1 (θ 2 ) is the helicity angle of K + K − (π + π − ) systems against positive charged particles, and φ is the angle between decay planes of these systems. No CP violation is observed, however, these new kinematic asymmetries further constrain new physics models for the first time.
Results on charm baryons
Violation of the CP symmetry in charm baryons decays is expected to be at the same level as in charm mesons decays. A first measurement of CP violation in a 3-body decay of the Λ Owing on the large cross-section for charm production in pp collisions, the LHCb experiment can collect large data set of charm baryons decays and open new avenues in this sector. Indeed, interesting results which go behind measurements of CP violation were reported at the workshop. A breakthrough of double-charm baryon physics happened during the past two years. In 2017 it was firstly pointed out in [72] 
.035 ± 0.009 ± 0.003, which is consistent with the prediction in [72, 75] .
Another important result on the Ξ ++ cc baryon is the measurement of its lifetime [76] . The decay mode employed is the same used for the first observation, Ξ
A correction for the selection efficiency of the reconstructed decay-time distribution of the Ξ ++ cc decays is extracted from simulation. To suppress biases on this correction due to potential mismodeling of the simulation, the efficiency-corrected distribution is normalized to the efficiency-corrected distribution of Λ c decays, i.e. ten times higher than any previous measurement, the lifetime is measurement using the
as a normalization channel. This allows to suppress potential biases on the modeling of the decay-timedependent efficiency (with a similar strategy adopted for the measurement of the Ξ ++ cc lifetime just reported). The value of the Ω 0 c lifetime found by LHCb is 268 ± 24 ± 10 fs, in large disagreement with the current world average, 69 ± 12 fs [78] . This is also in contrast with the hierarchy τ (Ξ 
Belle 2 and LHCb upgrades
In 2018, Belle II successfully completed the "Phase II" commissioning and accumulated 472 pb −1 of data. All subdetectors except for the full vertex detector were inserted and operating. Initial plots of reconstructed charm decays were shown [79, 80] , suggesting the readiness of the experiment to enter the game for charm physics. Belle II, with an ability to accumulate 50 times more data in comparison to Belle, is expected to play an important role in the next future. Due to the new vertex detector, which should be operational in 2019, Belle II can exploit a factor of two of improvement with respect to Belle on the resolution of the track impact parameter. This allows to have a decay-time resolution in D → hh decays of about 0.14 ps, which is roughly two times better than that at Belle and BaBar [81] . It is also reported a good resolution, similar to that of the Belle experiment, for the D mass in decays into final states with neutral particles (e.g. π 0 , η). This is important as Belle II is expected to provide a reach program of measurement in decay channels with neutrals, which are more difficult to be reconstructed by LHCb. Thank also to the clean environment, Belle II is expected to measure mixing via interference in modes such as D 0 → K − π + π 0 and achieve sensitivity of about 0.06% (0.05%) for σ x" (σ y" ) [80] . Further, the possibility of reconstructing the entire event allow to explore new avenues in measurements with semileptonic decays, and search for rare decays with unreconstructed particles, such as D 0 → νν, and other searches with missing energy. New flavour tagging techniques, called rest-of-event (ROE) tagging, will also enable to tag with advanced statistical methods the rest of 75% of D 0 mesons not tagged by the pion-and lepton-tagging techniques [79] . Preliminary studies indicate that combining measurements from pion-tagged and ROE-tagged samples is equivalent to an effective increase of luminosity of about 40%. Measurements of CP asymmetries on channels with charged tracks in the final state will also be important to complement LHCb measurements, even though LHCb is expected to collect larger samples in these cases.
The LHCb experiments just ended operations at the end of 2018, after accumulating a data sample of more than 9 fb −1 of pp collisions since its starting in 2010. This is the largest data set available for pursuing precision measurements in charm physics. All measurements presented (and also others) will be updated soon using this full sample reaching an unprecedented precision. Just to give few examples, the wrong-sign mixing analysis with D 0 → K ∓ π ± will reach a precision of about 0.12 on |q/p| and 10
• on the mixing phase φ; the measurement of A Γ with D 0 → K + K − is expected to have an uncertainty of 0.013%, and that of ∆A CP with D 0 → h + h − decays to have an uncertainty of 0.03%. The LHCb experiment is now undergoing a major upgrade, called Upgrade I, to prepare for the new LHC runs starting in 2021, where the detector will collect data at an instantaneous luminosity of 2 × 10 33 cm −2 s −1 , about four time more than that of the runs just finished. All the front-end electronics and most of the subdetectors will be replaced in the next two years to allow a data-acquisition rate of 40 MHz and integrate about 50 fb of data by 2029. Continuing on the analyses examples given above, this copious data sample will enable to have precisions of 0.03 on |q/p| and of 3
• on φ, of 0.0035% on A Γ , and of 0.01% on ∆A CP [83] . Consolidation and modest enhancements of the Upgrade I detector will occur around 2025, when Belle II is expected to accumulate is full data sample of 50 ab −1 and end operations. It is thus highly likely that LHCb will be the only large-scale flavour-physics experiment after that time. To fully profit from the High-Luminosity LHC machine, a second major upgrade of the detector, Upgrade II, is proposed to be installed in the long shutdown 4 of the LHC (2030), to build on the strengths of the current LHCb experiment and the Upgrade I. It will operate at a luminosity up to 2 × 10 34 cm −2 s −1 , ten times that of the Upgrade I detector. An Expression Of Interest proposing Upgrade II was submitted in February 2017 to the LHCC attention [82] , and the physics case for the Upgrade II is presented in depth in Ref. [83] .
Conclusion
We presented the results on charm physics discussed in the Working Group 7 at the last CKM Workshop held at the University of Heidelberg. Thank to the constant effort of both the theoretical and experimental communities, good progress have been reported, and we could expect to have first evidence of CP violation in the charm sector soon.
Huge samples collected by the experiments are posing hard challenges in the analyses of data to control systematic uncertainties; anyhow, refined techniques and new methods have been presented and an unprecedented precision have been achieved in measurements of both mixing and CP violation, further constraining the parameters space for new physics models. Among many others, we highlight new high-precision measurements reported by LHCb in the wrong-sign mixing analysis and for the mixing-parameter y CP . Despite several years from the end of their operations, B factories are still producing interesting new results to complement the LHCb fruitful program, e.g. the study of triple-product CP -violating asymmetries and that of radiative charm decays, which have been suggested as sensitive probes for non-SM physics. This workshop saw also the first physics plots coming from the Belle II collaboration, showing the readiness of the experiment to enter the game. The amount of data collected by LHCb opened new avenues also in the study of charm baryons and rare D decays for CP violation measurements.
On the theoretical side, advancements to cope with non-perturbative QCD effects making use of experimental data are on the way, as well as the understanding of subtle effects, such as those induced by kaon mixing in D decays to final states with neutral kaons. All of these is pivotal to identify a genuine new physics contribution in measurements at high-precision. New avenues to search for direct CP violation in the experiments to come have also been proposed.
Good prospects are ahead of us, with LHCb getting ready for the Upgrade I to start in 2021, while the Belle II collaboration is completing the detector with the installation of the full vertex detector. Plans for a second upgrade of LHCb in 2030 to fully exploit the HL-LHC potential has been also reported.
